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Introduction
Visual-motor integration (VMI) is the degree to which visual perception and fingerehand movements are well coordinated (Beery, 1997) . Differentiation of figures with various combinations of lines, analysis of parts from whole, and synthesis of the parts into whole are significant in visual perceptual development. In the motor system, finger activity is further refined for precise manipulation. The interaction, integration, and coordination of visual and motor systems would be a critical component in children's development. Problem in VMI affects many domains of functional ability. VMI had been shown to be associated with several education-related problems, including gross and fine motor coordination difficulties, reading and mathematics difficulties, perceptual problems, and a decrease in overall academic achievement (Schneck, 2001; Todd, 1999) .
The Developmental Test of VMI was first published in 1967 and had been considered to be a valid test for assessing VMI. It had been standardized five times between 1964 and 2003 that involved a total of more than 11,000 children in the United States. The test provided developmental age norms that covered an extensive age range. The fifth edition of the test focuses even more strongly on early childhood education than previous editions. It had been expanded to include standardized norms for 2-year-old children (Beery & Beery, 2006) .
The test is a paper-and-pencil measure that consists of 24 geometric forms of increasing complexity, in which the children to be assessed are required to copy the geometric forms. It had been extensively used by psychologists, educators, and occupational therapists for measuring the level of VMI in children. The test serves to assist the assessors to recommend early intervention for children who demonstrate poor performance. Salvia and Ysseldyke (2004) reported that the VMI had relatively high reliability and validity in comparison with other measures of perceptual-motor skills. Brown, Unsworth, and Lyons (2009) in their study on Australian children found that the VMI showed acceptable levels of scalability and unidimensionality using the Rasch analysis. However, there was a concern on the hierarchical ordering of the test items because several items were found to have similar logit values regarding the level of difficulty in the VMI. This concern had scoring implication as the scoring at ceiling level might not be valid. Beery (1997) examined the performance of children among different ethnic groups. His study found that only about 1% of variance among the performance scores was attributed to ethnicity. Therefore, he proposed that the design of the VMI was cultural free. However, he agreed that Chinese children performed better than the U.S. children in the early age group, but the scores were similar from ages 9 to 17. Mao (1995) investigated the cultural influence on the VMI skills of Chinese children in Taiwan. The result revealed that the VMI performances of the three groups of Chinese children aged 4, 7, and 10 exceeded those of the U.S. normative samples of the same ages. The findings reflected that the VMI dysfunction of Chinese children in Taiwan might be underestimated if the available U.S. normative data are used for interpretation. Therefore, the VMI scores have to be interpreted with this in mind for Chinese children in Taiwan. The results also highlighted that the hierarchical sequence of increasing difficulty of the 24 geometric figures in the VMI might not apply to the Chinese children in Taiwan. The researcher proposed that the hierarchical sequence of increasing difficulty in the VMI might be different across cultures. This is because children might find it easier to copy the geometric figures that they frequently encounter. The researcher proposed that validation of the VMI and establishment of normative data for the Chinese children in Taiwan were necessary before using it as a clinical evaluation tool.
Another study for evaluating the VMI skills in preschooland elementary school-aged Chinese children was conducted in Mainland China: Shanghai and Ningbo (Cui, Zhu, Laukkanen, & Rabin, 2012) . The study result revealed that the mean standard scores of the Chinese children aged 3e12 were significantly higher than those of the children in the United States except for the age groups of 3 years to 3 years and 11 months and 10 years to 10 years and 11 months. The study proposed that the early intensive handwriting training for Chinese children could conceivably contribute to the superior performance on the VMI. The study authors suspected that the relatively enhanced VMI performance of Chinese children might be related to the detailed geometric shapes and complex graphical nature of the Chinese characters in the local language.
In Hong Kong, there were limited studies on the VMI of preschool-or school-aged children. Lau and Lee (1988) had established the normative data of Bender Gestalt Test for 1,168 Hong Kong children aged between 5 and 10 years. They found that the visual-motor performance of Hong Kong children was about 1.5 years ahead of their U.S. counterparts, and the scores began to level off at about 8.5 years and were similar to the U.S. children.
According to Beery (1997) , children's performance on VMI could be affected by inadequate visual perceptual, motor coordination abilities, or integration of both of these two domains.
There were many local studies on the performance differences in visual perception and fine motor aspects for children in Hong Kong. In the study by Cheung, Poon, Leung, and Wong (2005) , it was noted that there was ceiling effect for 6e7-year-old children in EyeeHand Coordination, Position in Space, and Spatial Relations subtests among the eight different subtests of the Developmental Test of Visual Perception Version 2. Chui, Ng, Fong, Lin, and Ng (2007) found that children aged 6e10 years in Hong Kong performed significantly better in the subtests of Visual-Motor Control and Upper Limb Speed and Dexterity in the BruininkseOseretsky Test of Motor Proficiency than those in the United States. The advanced performance in fine motor skills of the children in Hong Kong was proposed by the researchers to be due to early exposure to manipulating tools such as chopsticks and pencil. Chan (2001) suggested that children in Hong Kong outperformed their Western peers on the test of visual-motor functioning.
These findings suggest that Hong Kong children will achieve better scores in the VMI than their U.S. counterparts. Therefore, the aims of this study were (a) to identify the performance differences in VMI between the preschool children in Hong Kong and their counterparts in the United States; (b) to develop local references of the VMI (fifth edition) for the preschool children in Hong Kong; and (c) to examine the dimensionality as well as the hierarchical ordering of the VMI items using the Rasch Measurement Model (RMM).
Methods

Sampling
This was a retrospective study. The data (the VMI scores) used in this study were originally collected for establishing the convergent validity of the Visual Perception Scale of the Hong Kong Comprehensive Assessment Scales for Preschool Children (HKCAS-P), previously named as "Preschool Developmental Assessment Scale." The HKCAS-P was a newly developed comprehensive developmental assessment for children aged from 3 years and 4 months to 6 years and 3 months (Leung, Cheung, Lau, & Lam, 2011; Leung, Mak, Lau, Cheung, & Lam, 2010 , 2013 Wong, Leung, Siu, Lam, & Chan, 2011 , 2012 . The HKCAS-P covered seven developmental domains, namely, cognitive, language, social cognition, literacy and numeracy, visual perception, fine motor, and gross motor.
In the validity study of HKCAS-P, 324 children (162 boys and 162 girls) were recruited from 54 local preschools from the Education Bureau districts preschool list using a multistage sampling method. In each administrative district, three preschools were selected randomly, using a random number generator. In each selected preschool, six children (1 boy and 1 girl in each age group) were selected using the class list as the sampling frame. In each age group, there were 126 children (63 boys and 63 girls). A total of 183 preschools were contacted and 54 (29.5%) preschools consented to participate.
The inclusion criteria were as follows: (a) children and at least one of their parents were residents of Hong Kong and they should normally reside in Hong Kong; (b) the children and their parents should be Cantonese speaking (Cantonese was the common dialect for 90.8% of the population in Hong Kong; Census and Statistics Department, 2007); and (c) children should be attending preschools. Children with global developmental delay, physical impairments, severe hearing, visual impairments, or autistic spectrum disorder were excluded. Written and informed consent was sought from parents. The study was approved by the Epidemiology and Research Committee of the Child Assessment Service and the Ethic Committee of the Department of Health, Hong Kong.
In this study, only children between 3 years and 6 months and 5 years and 11 months of age were included. There were a total 288 children (145 boys and 143 girls).
Instrument
The BeeryeBuktenica Developmental Test of VMI (fifth edition) was used in this study. The VMI is a developmental sequence of geometric forms to be imitated or copied with paper and pencil. It can be administered to individuals or groups in approximately 10e15 minutes. It can be used with individuals from 2 years to 100 years of age. The VMI was assessed to have a high degree of internal consistency (Cronbach alpha coefficient Z .82). The inter-rater reliability correlations ranged from .92 to .98. The testeretest reliability correlation for a 2-week interval between test completions was reported as .92 (Beery & Beery, 2006) .
The VMI consists of 30 items and each carries 1 point. The first three items require the child to scribble. The next three items require the child to imitate drawing the first three geometric forms. The remaining 24 items require the child to copy the increasingly complex geometric forms from the VMI test booklet. Children under the age of 5 will start on Item 4 (imitate vertical line). If the child scores 1 or more points on the three imitation tasks, the scribbling tasks can be skipped (Beery & Beery, 2006) .
Procedures
The VMI was administered individually to the selected children in their preschools by two research assistants who were trained with the administration procedures. The completed VMI booklets were rated individually by six occupational therapists experienced in the paediatric field. Thirty children were randomly selected from the sample for establishing the inter-rater reliability.
Data analysis
The Statistical Package for the Social Sciences (version 19) got from the software provider in Hong Kong SAR was used for data analysis. Descriptive statistical analyses were performed to determine the mean and standard deviation of the VMI scores of each age group. Z test (p < .001) was used to examine the difference in performance between the children in Hong Kong and the United States. The effects of age on the VMI performance of the children were analyzed by the univariate analysis of variance (ANOVA) procedure. The independent samples t test was applied to test the difference in the performance between sexes. Because of the small sample size, we tested the sex differences in the VMI performance for the whole group aged between 3 years and 6 months and 5 years and 11 months. The intraclass correlation coefficient (3,1) was applied in this study to determine the inter-rater reliability.
The RMM was used to examine the extent to which the VMI demonstrated unidimensionality and hierarchical ordering. The analyses were performed using the computer programme WINSTEPS 3.69.1. The item-fit statistics and the principal component analysis (PCA) of the model were applied, and the logit scores that measured the level of difficulty for the items were used to analyze the hierarchical ordering.
Results
Participants were divided into five groups (Groups 1e5) based on their age: Group 1 included the children aged from 3 years and 6 months to 3 years and 11 months; Group 2 included the children aged from 4 years to 4 years and 5 months; Group 3 included the children aged from 4 years Visual-motor integration in Hong Kong Children and 6 months to 4 years and 11 months; Group 4 included the children aged from 5 years to 5 years and 5 months; and Group 5 included the children aged from 5 years and 6 months to 5 years and 11 months. The summary statistics (means and standard deviations) of the VMI performance of each age group are presented in Table 1 .
The standard scores of the Hong Kong children were compared with the U.S. children in the corresponding age groups. Analysis of the data showed that there were statistically significant differences (p < .001) in the standard scores between the children in this study and those in the United States (Table 2 ). The results indicated that the children in Hong Kong showed better performance in the VMI for all the five age groups ranging from 3 years and 6 months to 5 years and 11 months.
Analysis of the VMI scores between different age groups using the one-way ANOVA suggested that age had a significant effect on the VMI total scores (F Z 104.77, p < .001).
Post hoc test (Scheffé method) was used to isolate the differences, and it showed that there were significant differences in the VMI total scores between Group 1 and Group 2 (p < .001), and between Group 2 and Group 3 (p < .001). However, there was no significant difference between Group 3 and Group 4 (p Z .084), and between Group 4 and Group 5 (p Z .612).
The analysis of sex differences was based on the comparison of the total VMI scores between the two sexes for the whole group of children aged between 3 years and 6 months and 5 years and 11 months. The results from the independent samples t test showed no significant difference (t Z À.66, p Z .812) in the scores between the boys (n Z 145) and the girls (n Z 143) in this study.
The intraclass correlation coefficient was 0.975 (95% confidence of interval 0.958e0.986), which indicated that the inter-rater reliability was excellent (Portney & Watkins, 2002) .
Rasch Measurement Model
RMM is a mathematic model used to examine construct validity by confirming whether the items of the test fitted within specific RMM properties set forth by the test (Bond and Fox, 2007) . On the assumption of unidimensionality, the infit and outfit statistics in range of 0.60e1.40 were considered to be acceptable. In this study, the infit statistics of the 30 items ranged from 0.68 to 1.46; however, the outfit statistics ranged from 0.07 to 9.9, with 12 items outside the range of 0.60e1.40. RMM usually placed more emphasis on the infit values rather than the outfit values, as the outfit values were more sensitive to outlying scores (Bond & Fox, 2007) . Therefore, the levels of unidimensionality of the VMI could be considered within an acceptable range.
The PCA is a mathematical process that determines linear combinations of the variables to explain the maximum amount of variance in the data (Nunnelly & Bernstern, 1994) . In this study, the results of the PCA showed that the variance explained by the measures was 75.7%. The variance explained by the items was 44.8%, which was 18.67 times the unexplained variance of the first contrast (2.4%). The eigenvalue of the first contrast was 2.3. An eigenvalue of the first contrast being less than 3 is indicative of fitting the assumption. The findings of the PCA in this study provided further support for the assumption of unidimensionality of the VMI.
The item measure order of the 30 VMI items, from the easiest to most difficult, is reported in Table 3 . The personeitem map is shown in Figure 1 . The left-hand side of the item map represented the child's ability level and the right-hand side represented the items' difficulty level. None of the children was able to complete Items 27 (threedimensional rings), 28 (necker cube), 29 (tapered box), and 30 (three-dimensional star).
Items 5 (imitate horizontal line), 6 (imitate circle), and 8 (copy horizontal line); Items 4 (imitate vertical line) and 9 (copy circle); Items 23 (tilted triangles) and 26 (Horizontal Diamond) were found to have the similar logit scores based on the average level of difficulty and percentage of children who were able to complete the task. The findings indicated that there were some potential item redundancies in these groups of items in the VMI because they presented similar levels of challenge for the children.
The overall hierarchical ordering of the 30 VMI items was satisfactory except that Item 7 (copy vertical line) was found to be the easiest after Items 1 (imitate marking), 2 (spontaneous marking), and 3 (contained marking). In addition, Item 4 (imitate vertical line) was found to be more difficult than Items 5 (imitate horizontal line), 6 (imitate circle), 7 (copy vertical line), and 8 (copy horizontal line). Item 18 (directional arrows) was also found to be the difficult one as compared with Items 19 (twodimensional rings), 20 (six-circle triangle), 21 (circle and tilted square), and 22 (vertical diamond). 
Discussion
This study showed that the Hong Kong preschool children aged from 3 years and 6 months to 5 years and 11 months had significantly higher VMI scores compared with the normative sample in the United States. The result was consistent with the studies in Taiwan (Mao, 1995; Mao, Li, & Lo, 1999) and in China (Cui et al., 2012) . The higher VMI scores for preschool children in Hong Kong could be attributed to the unique orthography of Chinese characters (The Psychological Corporation, 1981) that are more visually and semantically distinct than English letters. Moreover, as a single Chinese character could consist of up to 20 distinct brush strokes, the ability to discriminate between a large number of memorized visual forms was necessary both for reading and writing Chinese (Wang, 1973) . Hence, visual perceptual development might be enhanced in preschool children whose first language is Chinese, which would probably improve their visual-motor development. Cui et al. (2012) suggested that visual perceptual development and visual-motor development might be bidirectional, in which either could have an effect on the other. Besides, the children in Hong Kong had early exposure to writing, and this could be another contributing factor to better performance in the VMI. As a matter of fact, children in Hong Kong generally start school at the age of 3 and some of them might have even started writing at that age. Other cultural factor such as using chopsticks in meals might also have some impact on the development of VMI in Chinese children (Mao, 1995) .
Numerous studies had pointed out that VMI skills were significantly related to the quality of children's handwriting (Brown, 2012) . Maeland (1992) found that the VMI was significant in predicting handwriting accuracy for clumsy children. The researcher also supported that the construct of the VMI was related to copying ability, which was regarded as the fundamental function in all writing and drawing activities. Tseng and Murray (1994) studied the handwriting performance of a group of Chinese school-aged children, and found the VMI scores to be an accurate predictor of handwriting legibility and accounted for 30% of variation on legibility scores. Cornhill and Case-Smith (1996) identified VMI skills to be a significant contributing factor in the prediction of good and poor handwriting.
According to Beery and Beery (2006) , the ability measured by the VMI was developmental and the result of the test was related to chronological age. From the mean VMI scores of this study, it was found that there was a trend of increasing scores with age. This observation was supported by the one-way ANOVA that compared groups based on age, in which the effect of age was found to be statistically significant. Similar result was obtained in a normative study in 2003, in which the correlation between chronological age and the VMI score was found to be statistically significant (Beery & Beery, 2006) . It was also supported by the study of Mao et al. (1999) that the discriminative power of the VMI test was sufficient to differentiate the abilities of children from 3 to 12 years. Nevertheless, results of the post hoc test of our study indicated that the VMI performance between Groups 3 and 4, and Groups 4 and 5 did not show any significant differences. Therefore, we considered that the VMI would have a higher discriminative power that could differentiate the level of VMI development in children at a younger age (between 3 years and 6 months and 4 years and 11 months) rather than for the older ones (between 4 years and 6 months and 5 years and 11 months). Our result in relation to age differences was consistent with the research findings of Mao et al. (1999) , who found that there was no significant difference in the VMI scores between the boys and girls. Therefore, there is no need to consider sex-related differences in the age range of preschool children examined in this study with regard to interpretation of the VMI scores.
The analysis from the RMM based on the preschool children aged between 3 years and 6 months to 5 years and 11 months in Hong Kong showed that the VMI items were measuring a unidimensional construct. Unidimensionality is evaluated by the extent to which the items fitted the probabilistic mathematical model. The RMM could provide evidence that the items on a test measured the skill, attribute, or ability they purported to measure (Brown et al., 2009) . The finding of this study was consistent with the study by Mao et al. (1999) in that the VMI items measured one single dimension of the children aged 3e12 years in Taiwan, and with the study by Brown et al. in which the VMI items measured a single dimension of the children aged 5e12 years in Australia (Brown et al., 2009) .
The RMM analysis of our study showed that most of the items in the VMI were hierarchically ordered from the easiest to the most difficult for the preschool children aged 3 years and 6 months to 5 years and 11 months in Hong Kong. The results were largely consistent with the original sequence proposed by the test developers except for Items 4 (imitate vertical line) and 18 (directional arrows), which were found to be more difficult than their subsequent ones.
According to the VMI manual, imitated drawing of forms was typically much easier than direct copying (Beery & Beery, 2006) . Vereeken (1961) opined that imitation was probably achieved before direct copying of the same forms, because in imitation, eye movement was rehearsed while the task was being demonstrated. Interestingly, we found in our study that the aforementioned concept was supported on drawing a circle but not on drawing a vertical line. Perhaps, this might be due to the fact that Item 4 (imitate vertical line) was the first item to be performed in the test and that the young children were not ready to achieve their optimal performance earlier during testing.
The decreased score for Item 18 (directional arrows) was supported by other studies (Brown et al., 2009; Mao, 1995; Mao et al., 1999) , which suggested that Item 18 was more difficult than the subsequent items for the children. It was found that many children either drew floating or round tips for the arrows resulting in being penalized by having no score for that item.
The difference in the order of difficulty of the test items between the children in Hong Kong and the United States would result in underestimation of the performance of the children for the age range examined in this study when the test was administered locally in Hong Kong, as the test would be terminated after three consecutive failures according to the administration procedures stated in the manual (Beery & Beery, 2006) . We suggest that the scoring criteria of the test should be modified in the future if it has to be used locally in Hong Kong. The arrow tips in Item 18 (directional arrows) should be allowed to float or be rounded or alternatively the sequence of the items should be rearranged, and the full set of the test should be administered instead of being terminated when the children failed three items consecutively.
Besides, three groups of items were found to have similar logit measure of difficulty levels, which indicated that they had similar levels of challenge for the preschool children in Hong Kong. The items examined include Items 5 (imitate horizontal line), 6 (imitate circle), and 8 (copy horizontal line); Items 4 (imitate vertical line) and 9 (copy circle); Items 23 (tilted triangles) and 26 (horizontal diamond). The finding suggests potential redundancy of the items in the first and second groups of items. For the third group of items, however, the results should be interpreted with caution, as only a few children achieved the scores in these items due to young age.
This was a retrospective study using the data of the validity study of HKCAS-P; therefore, the sample size and age range were limited, only an age range (3 years and 6 months to 5 years and 11 months) was covered, and the results could not represent the whole range of the population included in the original VMI.
To have a more complete set of local reference and more robust analysis of the unidimensionality of the test and items difficulty, we recommend using a larger sample size that covered a broader age range, such as including children of school age, in future studies. A more comprehensive study that examines the convergent and discriminative validity of the test is also suggested. In addition, modification of scoring criteria and elimination of some of the redundant items should be considered in future revisions.
Conclusion
Significant differences in the VMI performance were found between the Hong Kong preschool children and their counterparts in the United States. Local references were developed for the preschool children aged 3 years and 6 months to 5 years and 11 months in Hong Kong. The VMI (fifth edition) was found to measure a unidimensional construct and the majority of the items were arranged in a developmental sequence according to chronological age.
In clinical practice, the local reference developed in this study would improve the interpretation of the scores when using the test for the preschool children in Hong Kong. Because the VMI is an assessment tool commonly used by local professionals such as occupational therapists and psychologists, the findings of this study will provide new insights in relation to the interpretation of the performance scores and identification of specific VMI problems in preschool children. This will contribute to improvements in the early intervention, as well as planning training programmes for the children in need.
